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Abstract 



PROBLEM TO BE SOLVED: To improve the electron injection efficiency strikingly, by providing 
the step-difference channel/drain structure, wherein a vertical channel/drain part is added under 
a floating gate, in the horizontal channel structure. 

SOLUTION: A transistor 400a has a P-type silicon substrate 401, N+ source diffusion 404, the 
horizontal channel part of 410, drain diffusion 406, a floating gate 440 which covers both a 
horizontal channel and a step-difference channel, and a control gate 445. The floating gate is 
dielectrically separated by a dielectric layer 42, which is the dioxide thermally grown from the 
surface of a seiconductor substrate. The control gate 445 is capacitively coupled (capacitive 
coupling) to the control gate 440 through a dielectric film 430. The dielectric film can be any of 
the thermally grown silicon dioxide or the combination layer of the silicon dioxide and silicon 
nitride. 
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vertical channel/drain part is added under a floating 
gate, in the horizontal channel structure. 

SOLUTION: A transistor 400a has a P-type silicon 
substrate 401, N+ source diffusion 404, the horizontal 
channel part of 410, drain diffusion 406, a floating 
gate 440 which covers both a horizontal channel and a 
step-difference channel, and a control gate 445. The 
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dielectric layer 42, which is the dioxide thermally 
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1 with an Asymmetric Sour 
ce and Drain Structure, ' T 
40 echnical Digest of the IE 
EE International Electron 

Device Meeting, December 
1987, P. 5 6 0 ) &** ? F (V. N. Kyne 
tt et a 1. " An In-system Re 
programmable 256K CMOS Fl 
ashMemory", Digest of Tech 
nical papers, IEEE Interna 
tional Solid-State Circui 
ts Conference, February 198 
50 8. P. 1 3 2) KJ:oTi6'<6;|Ttt*5. 
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[00 15] *y«:j:«HKWtty^#y2/y=»>^ 
EEPROMWt H3A&C7js3n4 

>^X*-3 0 0 atcjfttt4«?*a:. 70-7"^>yy 
-h340iV^ fflfop t>^>a>3 04 OFflr h 

>*;U**1M FOUWF-N h>*y v^o^yf- 

-f 1 OMV/cm^il^i 

-T K 3 2 0 *MUT*fiR 3 tt£o flrfflOffi*<D^ff"C* 

>#12V, a>hn-^y- F#*VtFl/-f>tff 

S&&CV--;*^i->^>3 >tt, Fb-f>^t>^^a 
>J:9#S< It^^o ( FU^>^t>^^3>»a< 

X£ sr EI 1 A<DEE PROM-feJH 0 

[0016] ^Ji^yx^y * hy-b h^>^x 

£-100bte, ^*>*5/a >3WJt*A£WL*>*l»© 

> tC ttft A ft I > 8E» 3 JVC I > £ . 
[00 17] h'j7'Jl/*V'> , J3>h7>^^HiC 

ft<ifi3cD?j<u ->y 3>*ii^ ut^n^^er* 
^ y ^ * y -atBffloaic^ 1- > ^ > 3 x&whs: 30 

?MJ. Kupec et al. 1 9 8 0 IED 
M TechnicalDigest, P. 6 0 2" T 
riple Level Polysil icon E 
E PROM with Single Transis 
tor perBit") fc<fc r>XSHWS *VCl>£. C 
C7)+^-^^ <F. Mas 

uoka.H. Iizuka US PatNo.4. 
531,203 Issued July 23,19 
8 5) fcJ;oT«*SftTl>S. I^IDHzJKD^' 'J ^ 40 
a (C. K. Kuo and S. C. Ts a 

nUS Pat. No. 4, 561,004 issu 
ed Dec24, 1 98 5) <L*y— (A. T. Wu 
et al, 1 98 6 I EDM Technical 
Digest, P. 5 84* Q Novel High 
-speed. 5-V P r o g r a mm i n g E P R 
OM structure with source- 
side injection") ] J (E. Ha 
rariUS Pat. No. 5. 198. 380is 
sued Mar 3 0. 1 9 9 3 ) IC £-*Xi&*<t>ti~C 50 
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[0018] cftfc^rccoh y ^ , jv*ys/y3>^ j ey 
aoc&o. it4>^i/^iu^ by ^^tCctoT 

yEEPROM^KD^CD+a^^ £7CCJ:&gl3#y 
y n >*ffl*«K:«-9fcEE PROM h v £ - 
3 0 0 b^:03 BtCinTo 

[0019] h7>^^^-3 00bt(t 7D-f^ 
>yy- h 34 OKBfAeft/cXU* Fa>«70-f 
w >^y- HH!S*>i5*3 7|<y ^ijn>3 5 O^iSfc* 

l?jiLt«, 2 0nm O N O 3 2 5<D&<Z> h y 7 MS 
*#yj/y=3>±tc l 2- 1 5 vrt*. r2>ha-;uy- 

h©!»2#y^y ^>3 4 5±£ffitfc^ir>*^3>3 
0 4i3 0 6tCOV*W6n^ 9 ^P^^OFU 

>EEPROMh7>^^-TU S?*>*^a>T 

[0020] y > y 3 >©f*i>^ 3 

(*«SJi) ^isa^xg^ b y ^Ji/^ y ^> y 

[0 0 2 1 ] rH*ffl<3D*«E*o< 

tfiiO^P-^t'fX 

[0 0 2 2 ] 

^^vy-F^y (eprom) its 

(E EPROM) leftist ic % WCC^<-Y 
M, KffSM54^*fi9ic-rSCi5Cj:0^»»tt^^y 

[0 0 2 3 ] «aWc^C2^^v^;uy- Ftf>y--* 
*y- (E EPROM) «7D-f-/>^- h^>^ 
^f^:/ (^m«) y-h <=i**H/ti»fcl») *v 
<-)\,FJyx2b l:7>^$^«I(c 
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U#t>ffiSrP> Fp-^TS„ ft>*^*9hxi/* 
ha> (CHE) CC^(t««ff<D*8tOy^^XA«% 

[0 0 2 4] 7P-f^>^- F±*C*Sp> ho- 

s. — i7D-f -f h«E#i* 

St, xu^ H3>ttv-^*»6 Fu-O^atitt* io 
S. *TO«5f*s, FU>f>-V-XP^-f»t 
;UCD^Cct 5 ^ * >* )l$XDX. u ^ F p ><D*¥&I!j£ 
£JjniITS e xu* hP>«7 — Jl/ F#>6x*;l/=F- 

iB*SB^ ii/^? ha>^j»»JiccftA?n, *>Lxu 
if**- F (D-fifttj: h\Z?v-7- * > F U r J =3 
/hS^», {Ba»r*t^iay^A*iB*Sjfi:*K:Sc4. 20 

[002 5] ^^'J-h7>^^^-©TOt V-* 
<fcOR*BX?)^tt3ti. cn«f»MOSFETh7 

g^SfS3ftfcxu^ FP><DMSt£^Tt*S 0 ?p 

-r^>yy- Ftcsissnfciu^ na>3&**w*itf 
f-f>yy- FccttAsnsj^n-fw fk 

xu£ ha>*aAT6^a^7 5>^B#rBl^> fsJC^ 
*ir-F5>^** -OSE^K 9 «HHCcJt«-T * iA§5 

JW"S:&&c^l> FU-f>ta> Ha-^vy- FWE#. 
EPROMi77^^aEEPROM"Cffitotl5. CO 

[0 02 6 ] #«W<D£B«tt> Url/C^^y-^O 

5feft*rs*-e*s. 

[0 027] #«a©ffc©BW«. irl/C^*y— fe;l/ 

[0 0 2 8 ] *»BJ(Z)ffiOBKJ«. x U£> h u>aACC 
£#*tcFU Fn-;uy- F4HUBE&M5U 
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St*K, y*y---fe^©«ltt*±tf»tt (S^iA 

[0 0 2 9 ] **IB©f60BW», * -y * F U^UCD 
x u * F p >Sfd*^t^a y 7 5 > yB#HirnJS6cc L 
r, ^ntci^Txi/^ fp>SA©3> 

itt*-&t>*S/>y^*y- F 7>^X^-©v 

[o 03 0 ] *4M®flk©Bn«. 

[0 0 3 1 3 #»nja>«©BW», 7a-f-f>yy- 
F3ft»6=i>Fn^uy- F— a>F>* y>yrB*a>A© 
»ffi»wt«*a«ccj:sFy^ o»> *y->yp 

>E EPROM(Dftt)0tC. ^M21)#y^';3 

So 

[0 0 3 2] *ftH<Dtt<DBtttt. (Sl^mtS^fc 
^^y y Y>T- F-feJl/0^»»ttRAM<D»fi6©«f»€: 
7-F^-f > (3>Fo-^y-F) **aBR3 

[ 0 0 3 3 ] #»H©f&<DBWtt, EPROM^77-> 
S/* E E P R OM^SUtt^ * 'i - 7^ '^-^ a > 
fflco fe o 1 1B*-c ^ >Fa - ;H4<D* S»jfiXffi*»« 

TS*T?*So 
[0 03 4] 

[003 5 ] S£*ftH5«:J:**-f >*^*f FxU£ F 
P>aA^^7'(DEPROM<bE E P ROMOWIIteC 

^cdxu? FP>aAOxS* , tt«*b<^J±-rSo 7K¥ 

* * ju-cflnas n/cx u >? f n >#fisat?f;&ifi]G> 

7D-f^>^F OSitgP^ &c?S AT 

So cntJS^ttc, tt*<D«f««^* F>CcJ:Sxlx/7 

FP^O^SLi^a-r^ F^cd9 OS0±S 

CCJ: 4SiSiSA<Z)«p*«WaAJ»*. *a ^ > 
ffl«rSS8L/v;l/^U^;K3[)^ F-U-^4^^CU, p 

> Fa-jvtt*i«i±LiM^*(K«ir«!ft'rs**pitt 

[0 03 6] FU-f >^-^^-^ ^^I^«:7K¥^ + > 

* JK£>6 3 J: 0 4> L/ S«>tc i^iST S tc W r + > * 

^/Fu-r^flusco^ftwowiowaiiflt^-r, se* 
i»B©y^;i/si< y ^> y p 0 ^ 5 v<D{&mEE?v 
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fcftpy? 2«C>ttDRAM<DynteX4{gl*-t<D?-y 
yyy-i'aVKffifcftSS. XDRAM**:/±©7E 

[0 0 3 7 ] Sft^ + >*^/Fl/-{>©*4y^* 
y 5 Attff#H— 1- > * ^> 3 vfctei^fiffitt* 10 

H^<b F - N h>* U >^«r43croCC^H^Cie«EtC 
Iix.£<fc^tt, N- FU-f>®*3*«fc9*< I/, 5> + 
>*^3><D&3%J:9&< L, S ( F-X) £S< L 
/cOPHT^o «6*a«OEEPROMBh>*y>^ 

^/c B S£3fcSS<DX7'y •> bV- b-fe^Ttt, 7D-f^ 20 

F-co?H*t^ r o^'5^»'C*tci'». 
l, x:/y * by-unafe*****- hWig-ctc 

OSff L l >«M» 5 C <!: J: 0 I^-O V * > 9 is a > £ 

> ha^y- y^<d b >* v >y&t ^zm^Mitoib 

o«fbL^»<>. N- Fu>f>a;IJLho*-^^^^ 

(mis) Lfc?n~^>yy~h<z>fi3*BH5-r** 30 

KJ^TpmicaS. 

[ o o 3 8 3 fi£*fi^»r«. 7n— ^^>yy- F*>6 
ffe©# y ^ y n >^<o b y > ycc<fc & * l ^ b a > 
EEPROMh^^X^-T'teb y 

ij ts y >«jt^s^ ^ fc.. c ©Sr li i y ^ y 

•;^>EEPROMh^>^^^-©^S5[«, ai^FU 

-y>>?^>^^3> (7o-*f-f >yy— 

>*th y yji#y->y =■>) , 9-F7^> 

u^Ji/OJ:^ tt^sa^n^ yif-fXofB 40 

tt«(3DEEPROMr«ffl*«C*ofcCtr*4*S, gt 
^iO*;l//Fu^>*«<0*£X^y '^^^ 
^l/jj<y ->y ra> b 7>i?^^-?rffi^8l614RA 

Mibfw, femjEztu?? s ^yt^y^e^y^on 
htc*fLrigB#tcjSo*:»»fcc*s (fffcst:? 

b) b^>^X£-SC" 0" t" 1 " 50 
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(vis*) s^ii&sijir&'So ^ssft^n/cxif -f>£ 

x^y 9 by- h^^v^'j 
=i> h^^^xy-ttcoRAMate^fltia**. c 

©tt A&ifc* + >*;i/<D* & y y i/ y a > x 7* y 
^ by- h ^aattr*e±L*>fc 
RAM^^tciwwsOT, r^iffit>r^y y-> 

e&a&y o y 5 A/«s*BSiB* js < -r s 4 «k y ^ 

[0 0 3 9 ] *¥^ + >*^4Sfi:^* >*Jl/ (L*pL 

n-fh shy y ^ y > 

EEPROMh7>^^-^rffi«tS. cniigi? 

* f u -f yy^# y y a >e e p r 
a ><dbj!*;£[Sj^ n - ^ a > yy- f tcse-e* £ 

x«ji*$*a pitta** 5 s * >x h h-rs*-c* 

So SMCC-fe^7 7^>f>L/cN- FL4>*J# 

oS^^ + >tol/$r^TSffl#a^*^o ^CO* 

t^P-r^ > y* y y ^>y- v te&m? + 

H#WS4fUE RPR OM/EE PROMCC^WS 

[0041] xyy ^ by- b b^>^^-o*y©jK 

bT^^i->^;l/4IS^S5«iE5ttcff^tH*. X^ 

[004 2] FU-f >iSCCg:^aA^ + >-toKD*S 
EEPROMNft>Mh7>^?-B4AiB4 

B«*«?ao* i ntm<Dfstm£\* + >** 

X^-CDfRffig|T'*So 04A0h7>i?X^-4OO 
aBP>-f7 , ©i/»j3>«S4 0 1 (P+iWflDL/c^ 

N + V-^a»404, 4 1 0CD*¥t^ + >*^SB. F 

PS^«r^>— ^ij^n-f^ >yy- b 4 4 0, n> 
bP-^y-b 44 5*&o"C^£ 0 7P-f ^>yy 

> b p-^y- F445tt7a-f^ >yy- b 4 4 o 
tc^i®4 3 o£iiL*-w^>7w yy-tc^^^i/ 

(gS*£-&) ^cDRflKK^IS^SEOS/y^ 

>y^*+-y-^ F^ya^tw Ktvj3> 

t-(h7^ F©n>f^-^a»iO<ir^6*t?4>fi^o 
p ^^7*4 0 1 E 1 6 cm" 8 #>65 E 

i 7 cm- 9 ©iHTSBtrasns. y-fxu^ b y ^^w 
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42 cm— mtsfrh i o^y- h^jgsr, 7P 

-f -f>yy-b440B, ^ffl^y i/y =3>cr>/ll>N 
+SSJniJBi"C«3tt 1 00nmtt3 00n mtfcfiCi. 
3>ba-;by-h 4 4 5ttJSl>N+*tolR©flWc# 

F\ ^'JP>t^F7^F, ^>y 3>**^-f F^-f 

«4 0 4«tSR, y>. 7>**>. -Y*>£ATff6 10 
ti*. a«BfltWfc#P>^^a- F> 
SALT3-t4 1 5©«»*itUttAS»*ft*»** 
ftC^N^-fr>^;UKU-f>4 0 2 «PID>f ^->^F*4^Jtt 
*4*s«t>h**J. Sift^«4 13tcM»S 

?r^>"C3A3*i£. 

[0 04 3] B4Cfc^3ti*J:Mc*«(**1R<D*y 

m«±©*&»D*iaA*ft*«te-r. C©ft«*WiS 20 

©KM 4 1 3©SE3tt4>tt< <i: t>2 0 nrnKtiHit 
S^4 1 3O|fl9»7 0-f-f>^-h4 4 0 
K** Fxu^ F a > £#J^W tea AT & * ~c & & 
[0 04 4] 3>hP-M- F44 5&cjSW&«E4 
MSitfg^ (tV^f^'J-^^ ^ F ) tc 

FP>i^f t>^as4 i otc^/s?n^>. *<d 

XU^FPM*. *<0«MOSFETh7>^S-T? 30 
Jt^ftSJ^K: FlW >l£tft4 0 6AtjESE^tf6h 

fc<t*. ^(D*^Ku-r >ai?tci:ojraa3nSo xu 

i7Fa>«^yn>^ffi<D*¥f-i'>^^gB4 10©^ 
>^-i?3>U>f +>-F*3 (^ill Onmgg) 48tti 
& 0 fcLN - KU-f >^t>*M 1 50ft 
*SSffi©?SttH**r (^iicnr 8 Kttl E 1 8«Tt 

3fc*r>"Cft4 1 5iS2tCf^6*i-5*^ttl*xU^ F P 
>#*cr*iB:*fc:-- FfcifU x U * F P >©it?T# 
Sft:*TCca(r^-CCh#saA^[CcttS. «<DCHE 40 
E PROMrtf^i-^^TflDi^ft/cx ha> 

±;£$y& s nrc 5 ^ x * * ju=f-#j 3 e v &l±o i> <o 

P>©i£A©l5a«i&K*5l>T. F5>X#-FT»6 
nfcxi/^ F P>Of t>^i*W-^V 7©iS 
$ (i/'j3>y^^^>fF^63eV) J;0^l>&© 
— ?w ^>WA'rtSft4 1 
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Fa-;i/y- F^^^sjfs^tcis^d-f-^ >yy 

4 > ^y- F U * F P >©i£A$6**S 0 < fr-t 
[0 04 5 ] 7D-f-f>^- F«EE*$xl/* FP> 

- F-sXU^ h P>©&A#^C£©£R$< a &&C FU-Y 

v->ucu fc5-#©aa*Fi"f>fc-rs. 

[004 6 ] ^ + ^ Fxu^ hn>7'a^7A 

( 1 ) KS©gg3 W: 2 0 n mfeUbT*^ * 
<E>©ftK&*3 0SJ£Lt*s#*lA>. 
(2) FH >^>^3>Skt* + >^©ftK£ 

[0 04 7 ] m&tilM3ktt : 

(1) &m* + >%)i>ft<n&A&<o#-^>z/+)i> (v 

-*i?l*>*^3>tCJt^> i*2. 5-3. 

(2) 70-r^>^ F©#— 7^>VirJt'C*i£Aj£i 
ft ©sF-f-vs/'ioi' J: £4>;rt:ti>*o 

[0 04 8 ] «t*(DE PROMtcit^RIBOEPRO 
M«fitfcJ:S£5fc© E P ROMt;KDffiftAa$t'Mi 3 
ft/t5 Vi9foifili3 VH© FU4>«EW:J;^T 

®ifcta*tMtcAiBcc?jS6 3nf#So fi^a-eoi^aA 

[0 0 4 9 ] ^mM(OYU^>MEEit t *-^FxU^F 

p>x^ ^^a^KuaEAJa^KtcjtaEStiia. 

HiSPB^0 2. 5-3. 0 VgfcTtfS*#UJ*. S^* 
^tcj: S E P R Omc&mt 3 *i2>9S£<Dm2¥ft(<Z 

[0 0 5 0 ] *^CD^> FP-^SEE*> F IW >mE 

[0051] #*w©*c»aEAa*©»*-y^ 
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[0 05 2 ] 7V-f- <>tf*f- h±CDv^^u-^;l/^ 
[0 0 5 3 J fikfc^OE EPROMWW^*7 

[0 05 5 ] ^ftAx^ifi^JIWpcD^^P 
[0 0 5 6 ] 

Y>EPROMh7>^^-i^lM¥] *^<DS 
ftr&£&M&A^i'>*;i'/ F u4>*fiet>fl£*&SI5 20 
<t ^7Vt''J f-f - SritJifcUft:^ SOU** 

n > n - * * >^/W E P R OM-feJl'* dJ^c 0 

[00 5 7 ] 5 VJKT©ffi«E»ff Xffl<D 

ftC^Tl^Wtftio 15 A, 5Bi5Ctt*«WCC 
2 CD4#»*C* £ » $01/ #'JJ/'j3>Oft>* 
;bEPROMb7>^^^-©BriiT*5o CCD h ^ 
>^**-W:h^>^**-4 0 0a^@L/cl)<Dt 

> y n >j&SRfc&>ft h*U^>Ln ««lcS«-r 30 
*y-h<D*-fX#RK3ftS. h7>^^-5 0 0 
atip 5 0 1 , N + V-*S£t*5 0 4 , tK 

¥* + >*'1>»5 1 0, ©^5 1 3 (^O^-fP-* 
AfttrfcJftLO . N FW>W»5 0 2, N+ FU-f > 
5 0 6, (* 1 FSy f ©il^ + >*il'*i4l— tc*j*J5> 7 

-F54 0 «^S»»S«*ffiJ: 0 &£0»c J: oTfE6*i 
fc8f«Wtt*6<*IR5 2 OteAoTStSfl^c^BiSftTl* 

;^-> 3 >i9 0 o«» 1 ©fifaTttMsnr 

fc) fOWXCCtelFap ^^'501^IE16cm 
" 3 ^65E17cra" 3 ©STCiSJjnSftT^S. 
9SSJR5 2 0««ii5- 1 0nmft'7P-f^^ 
- F 5 4 0«*il#y^y 3><0/5liN + H*<8Sftl3la 
»Sttl0 0nm^40 0ninOrit*5. N+V- 
Xi£tfc5 0 4«tJR % y>, 7>^>(D>ft>ftAt 

fp6ti**s3j-*-9--f fh5 2 Q&imx'&mwvmk 

P-r 4 >^>r- hSPOTOS 0 2«W I E 1 7- 50 
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5 E 1 9 cm" 3 (DfflVb E 2 0 cm" 3 &L±<DtfMi> 
*>^> 3 >5 04£5 0 6W£KJ:^0ffitf>r& 
5. «»<Dft«tt*¥B*>6W-*T 3 0fltfiLh*Mf * b 
I*. ©^5 1 3<Di£2**3 0 n mkLtT*5 0 
[0 05 8] &^5 1 3©B»ttSS^t>*^5 1 5 
cDftr^u-T- 4ls#>f~- h6 0 4tcJ:DJ»*J:<*s' 

[0 05 9] 7n-f ^>^'-h^xU^hP>a 

®cei^t>^K7)^>^>EPROM N-^+>*;l/ 

(2) ?X\—T* f->^ + ^2- 5V- 

3. 0V^iiA^©iE«tDiSt^o 
[0 06 0 ] Sn<D*fl= (1) «3V«±0KU>f>l 

(2) (D7P-f-/>yy- h^'^f >Vt^2. 5 
V- 3 . 0 VJyiT-ftttfttftt 6ft^*« 2 ocDtfffir 

[0 06 1 ] ^lCD^S«Ln (5 0 2) (7>:g£S:*¥ 
**>*^8BC!>fiS (5 10) i:WUg<«- **i 

5 0 6CtmfcftfcB#:7a-7^ F«£#2. 
5-3. 0VtCfc£ o iiA^^-f>^t^3V 
K<t££&<i;5Cc^ + >^3>}i85 0 2^ftA.^5 1 

4 0 ipotfy *>y n>r«»wtcte2c^cfiaftLfc* 

t;^-54 lW-hiEPROMh7>^^- 
CDW]©*77 , y>^t^'^^>X5 0 0 b£fp£^ 
-C#>3„ ^^7 , y>^t^>^>X(DMtt0. 6a 
#?:/y >#\sis**&2>&fcE PROM F^>^*# 
-y-hMiScfc0^LA^<7^1f^>^nTC^o CCD 
J:^tC5V^f^^^-^t>^^3>5 5 6<Dffiift 

«++A^^-«riibrte^3n^3 vtc&s. -a^ 

( 1 ) £ (2) Wcti^t>*Wf hxu^ h 
[0 0 6 2 ] S2^ffi^O+t/^>^-^^^^" 

»;^y 3>ee PROM^^'J-fe^^ hn-ji/** 

O&EE PROM^^y--fe;Ui UT COfO^ 

t>^^FETf^V^5 00 cR^»^l/EPR 
0Mh7>^^-5 00 adC^ldClM^hi. C€>«£ 
^©FET h7>^^^-50 0 c(D>r- Y\Z* h-U 
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-^F5>^**-5 0 0 a<Dmn*7?tZ?&%><D 

X-l*Z h-l/-J/EPROMh7>^*-ttta '* 
>' CC&^-C^S. (5E16/cm 3 -5E17/c 
m 3 ©BOi*flE , Cb**y>**' + >*;HK«5 1 OtC 
fto/cr^'J-i/ayf^^) aAl/cxU^ Fa> 

[0 0 6 3 ] #»18©^BKW)««ttA? : * F 
U-Y>£ftl>. ^>^;WJ^ , J3>n-f t>*^E 10 
PROM-feJW*. 5 V^©ffi«BE:7n^ 
«-T€»o C©S/>^l/#y EPROM3^6»6ti4*JjS 
tt % (i) y^;^ ^ 'J 3 >©^14^i* ? tiS* 
( i i ) IiEfA>fx^6^^» (iii)Ii 

Ht&VWv ^C4JDRAM<!:EPROM3>;^ 
eyfw-rtHB**** ( i v) EPROMinSx? 

>#£**l*C<t. DRAMf ^0D7^-X£S#& 
[0 064] FUY>©* 

5jr^#yi/>;3>EE PROMCc$Ht£:?ct-?w 

y ^ y n > E E P R OMCdfctvcttifcfcW? o 
-r^>^'- Ffr^Jtffc^Oxu^ FP>F>*y > 

> - i£» r ©ffl* £ ^ D {f v A # pjfife ft ft £ c 4 -c * 

[0 0 6 5 ] B4ACDF^>^.X*-4 0 0 a»i3A 30 
©*^W#yS/y=3>EE PROMh7>^*-3 0 

X5/+>*5/a>4 0 4©ai3^SSoX^So V-^^ 
♦ > 2 U a ><D*£ 3 h it 5 O tt. fll*** V - XfflfJt? 

0- l 2 V^i»A.6tiSJ:^^^lf-f>3nr^5. F 

7>^X^-4 00 b (H4B) «EEPROM©X7' 40 
ttttfSc^O F i if ? 2*tm + 

y^S-4 0 0 at40 0 bttPffl¥«l*S«4 0 1 , 
N+V-*&ffc4 0 4, ilW7P-f^>^-h 
4 4 om> ha-^3nrc^7l<¥^4 1 0<Z)^^> 
*;HW*. 3>ha-;i/^h445 t 12114 13, N 
- Fu 4 0 4, N+FU"Y>ffi»L Tk^&^-r so 
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-F440, a> FP-;l/y- F 44 5ft>€>tt&. 
[0066] X7*y <;> F^~ F 4 0 0 bra&^tt^ir > 
*ib«M4 1 8 4S%t©e*ttB^t>*iH 1 0<D 
— (BiilWtty- F4 4 5tCcfc-?T3> h P-;U3ti 

7 0-f ^>yy- htt^iftlSilA^ill 
4 2 0&CJ:orSISWtc^SSI3ti'C*Jt), il^4 2 0 

F 4 4 5(2tfittfii4 3 0«D7P-f^^ 

y- F4 4 0CC*-r/<5/f--f ytajv*?*) >^3ntte 
■*o*ft»)R«f»«fi3'a-/c2/y=j>y^^+-y->f f 

#ii 1 E 1 6cm" 3 5 E 1 7 c m" a OH"C*tia 
Sti, #-Yxu* F 'J **«4 2 0tt»iI5rt>?> 1 0* 
yy-F^JTe. 7O-f-f>yy-h440BN + » 
«!3n/c#y^y =J>0tT*O*©»3« 1 OOnrn- 
3 0 0 n m©IB*sftl*. 3 > F a --il/y- F 4 4 5 \Z& 

< N+assuL^y^y ^^H^^y-y*^ F<D<t5ftis 

«SOE«l«f4*fc«. y 7*7^ F y — ^ 

t*n#>T&£ Q N+tt»4 04i4 0 6ttt3R, y>a> 
r>^^>cD^^>aAr^e>n4o n-kuy>40 

2«SM?f?fiKcofli:^^+-y--Y FJf 4 2 OOffMifiKK 
S*-*>*X/Jfi4 1 3tC-feJl/^r^>f >"CPJIW 

^> 3 >4 02til 0 V<D?B*CC#ai E 1 7*>6 1 E 
18 cm- 8 onfl(D*Stfn ( F-tT>^) *o 
g£3&*2 5 0rt>^3 0 0nm£i!t>\ y-Xi/+>£f 
3>150^2 00 nmJ;9^L^a!>T*>£c 
[ 0 0 6 7] 7*0^7 ^ >yc30^B*fri»?8B-fe^^ 
a>I. a "SS^ + K UY & E E P 

ROMn - ^*>*;b F^>t>^»-4^< 151— "C* 

[0 0 6 8] m&4 1 3(DSI3»*fi3 0nmr*S. 
C<DS^4 1 3 7 Fxu^Fa>*fe^4xS 

*WCcaM^-r>*^4 1 5CDft<D7C2-7^-f 
F4 4 0^aATS* , C*4o 

[0 06 9 ] »»*tfjtc «h7>«^-30 

0 a CDiftB^ il^J — r * «3 H^r4> o 1 4— ftKJtcflgton 

ti^F7>^^-i|5ii;r*^ h>*^=fif>f 

F4 10*t9nm. ONO43 0#20nm, iivV'*) 
ls*f\sis*tfQ. 5 5 4ffi5ET&<hftl 0 V^FU^> 
^^>^^3>tCjjnx6n h^>> ; X^-4 0 0 a*4 
0 0 bOt^^tcfcl^^n^ F o-;uy- F^<^VCC 
3n44, F4 2 2(DSI?«F-N F>*'J> 

ycD^y ^^Wfi OMV/crn) ^Jfi^-Sc 7 
P-t"^ >^y- FCcS6n/cxU^7 Fci>«3 0 0 a 



(13) 



1 1 -2 20 044 



23 



24 



F-N h>*>J>^Cir>-C^tiSo ce^ffirttF 
S/3>4 0 2tt<t08<F-t:>^^ v-*^*> 

wawtsta**. ^^y^ Fy-F«a*^*9*y-- io 

[00 7 0] [*««:|ail* + >*^©**y^# 
•;V'j3>EEPR0MtcKW57D-f h 
^e,3>hP-;l,y- F^©F>*'J >ytcj:4«»vH 

*ttH«^ u > y 3 >«a*£«t Lfc. y > y 

rJXDX^y^, *:/y? Fy-FF5>t?**--b^ 
&a±<D9K#&# £ *i £ <fc 5 tc r If ^ > § nt I ^Co 

*©»F>*^=j-*i^-f F©»s«±spo^yjira©y 

A) ^*2co, #yffi*#ffl*&frofc 0 -ent?^3?i< 
y^y=j>^*<03&{cijpA. 7P-f^>^-hi 
At 3 as* h <drb<d h > ^> y > y tc j: o x as* ^tf 30 

^if-ra:, «^&NO©»3±LG<DfiS*:«.ac 
tlz£*)ya-?~4 is try- F*>6n>FP-Juy- h 

h>^ ;wh*** y ^ * y > y ^ >^ & s± &c jg/# 

[0 0 7 1 ] R*^t>*VKU-/ XOtSy^b* 
'J>"Ja>EEPROM h ^ 7 P- 

^Vtx'j3>EEPROM h 5 - 6 0 0 a<t 6 40 

(i) Y>*)V>f- Fsf+lf-f F6 2 0^5 — 1 Onm 
©Bt****. (i i) ONO*Uit-fh7>f F** 
FCDJ:^^^^ Jl>9\-V v9G3 Ott F>*^* 
**-fF±HW*\ cfc0«C^<Z)r*4*. fi8-l 
5nmtW 0 (i i i ) **>**«#6 1 0<Dfi3 
? ^Sttt (Sttffitt) L n 6 0 2**rtf*EJ 

[0072] spy^y ^>±<D^stftfllx«cvDrT : 
h3n/ct+t>f F/^<F^-f F*au-c#y 50 



is t; n >#> f> # y y r?>-^CD h "J > y<Z>— MffStc 

(E. Harari and F . 
Masuoka) tc J:4£i^ffl3ttfcS«©**lM 
F©«J?ttl OMV/cmiSn, Cft<fc9<Kl>o ) ^ 

nt^xb^ b y 7^63O0S5?»7o-f^>^ 

y- h^e>^> hP-;Vy- h^<Dh>*-rt>fcai*"r 5 
CC«6MV/cm<t0flS<ttWti«&e>ftC>. — + 
Fxl/^F a>r&A3ftfcmMcDrw;*£ 
-/OX £#fl»C Ati £ £ * y JBRB<DflOTtt 3 M V/ c 

0 a £ 6 o o b tcfiw * y*^* y > y =» > e e p r o 

07 Att h 5>t?X£-6 0 0 a £6 0 0 b QfgB&ftl/ 
Ccg-f g«3>F n-juy- h 6 4 5 t7U-T a 

>^y-h64O0r^t^^>x-c*^ cfg 

-LnW7a-f-f >yy- h 6 4 0 in -ffifl5(««6 
0 2 0Ffl<D*wO£>XT*£o Cfg-chB7Q 
-f^>^- h 6 4 0 £^ + >*^««6 1 OCDMCD 
* + /S>'£>XT'#>&. tiEflllCttC fg-ch 

^t^>f>^^*n^-c*5„ ) cc-c-^^ 

^#{C^^fc^^C30(D^l'/O^>X^5pID^*5^5 
{C«5£3tt4#. COiW!tt3EBJIW<caCE"C**. £0 
KtcrfeflSEE^JJPEStiii*© 1/3 
<DME.fr? a — 7^ y >yy- h/- Ktc+^/^V^-f ^ 

*^y>ytcj:t)^o. s«E»fln»sns. (x- 

[ 0 0 7 3 ] 7U-f >f>^y- F^Ox^ h P>& 

/c^ ( 1 ) 7a-f^>^- F1E>3V (2) ftA 
^7">^+^>2. 5-3. 0V"C*4. ^r©^ 

FKi5Vj&sffif«3*ifcie fc 7a-f '^ >yy-h«E(i 

+ t^f^^7 , 'J>^OS3, 3VtCf«cO^Py^ 
A^fr^r^/c-To «Atf F>*^y-F**"^^ F8n 
miONOl 1 nm%WcBXS£ONO 1 1 nmW 

+ 7V=5V-3. 3Vt^0, 

1. 55MV/cm(=l. 7 V/l 1 nm) "C#>&o 
=i> hq-Jl/y- h^5Vr*^/cilt ( V-X/K 

VC*0ONO©*SJB3MV/cm (=3. 3 V/ 1 

1 nm) *tiT^py^5>y*ttONO©* 
IWi^lf-f >*-y^ b03MV/cm«TK«/cft-C 

»n3n^>, — #v-*± fw>»* vtcff/tfts. ^ 
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3. 3VCC&0. ONOtt*»rt>4«{ft*tt6. 7V=1 
OV-3. 3Vitt5. ONOOS»li6MV/cm 
(=6. 7V/llnm) &cft 0 -f >yy- b 

il/^ Fia>h h^fr^rfSI/c^o 
CI CD J: 5 Cc y * 6# y ^<D b > * y > j^illS** 1 

b y ^ (hji) # y s/ y 3 >e e p r 

[0 07 4] F7>^X3?-6 0 0 c, 6 0 0 d t 6 0 
0 e tell 6 Cte^Sti b^>^X*-6 0 0 c<D&g?- 

*--C6 0 0 b45H«SlfeiO'C*S. cneoh 

3? -<D^ y x-f 3 >tt£r tulH<D b ^ 
£-6 0 0 b tmC^U? FD>iiA^^^XA^f^ 
T(,>4„ F7>^^-iU^> b^Jl'*-*fttfllB<D 

^6 0 0 c, 6 0 0dt6 0 0 efC^^Otli 20 
4. 

[0 0 7 5 ] F7>t/^jf-6 00cO7O-f-f>y 

y-hUH6C^sn/cj:^{2:^^'y * by- kdwj 
*-r/^i/ji-«^^y » fy- b t^D-^^W- 
h>^y>ytCcfc*3^$ti5o F7>^^-60 0 d 

cd? n ^ > yy- b y ^ >a«tca&ii*tir 

(,>4 0 h7>^^-6 0 0 elih7>^^^-6 0 0 
dCDfflAi&ihfc? -< > b Z&-z>X l>4 30 

N+ KU^>6 0 6<D«l^iJ:0iSc^>-"hffita(D 
•^JU^w -^dot 6 0 2«Wc**S3*vC<r i 4. b 
~r>iSZZ-6 0 0 e^r^TiSmiacD^^y-TU^ 

[0 0 7 6 ] ^<y?S*fiOTcDl3^^i'>^^/ / FU^> 

;i *, y 3 > e e p r o m -fe ;p » # y ^ y ^ > * e> # y •> 

y- b £v8*y- b aWM* ccfc SHi*y^V3>EE 
PROMtR&D, BCa>Ha-M-ht*ot© 
CHE^n^^^i**!^ C<DX^y 
: > by-b h7>^^-»FU^>iV-^iSS 
rttfFf 4 fc» ^ * y - ^ jmc»i > v + > * e> a 
^M^iafiE-CtS. Sfc^y^yn>S^3B^62 
JB o feme cfc 0 tc 5 . 

[00 7 7 ] 2 ) g^7(D3>hn-W- h ( = 7 — K 

JB#y 5"J 3>EEPR0MtC*6h4*8ft^O9 * 50 
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o/pto 0 &c/h#ft<D a - 2? * y - 2 (Dffi&wtti 
*4±5k:&4. T'a^^VffiitO^^SWJ: 
CCffi:fo& < $rt*<DT'E E P R0MCD*^*:S< *T 
[0 0 7 8 ] 

[Hisfli: y^^ys/y^v^^y * hy-UBKc 
^5^jf«l4^>^Ar^-fe^^^y-»^] 

Hitcj:*7^3ri/aE EPROMSSfPr^^ay^Ai 

7Ai rfiittflF^fefr^ a > ^ & o h -e * 
4o ^ny^Attftttir^^ey-^^^xw^^y 

? ^CD— BB»*i?B* **T.T*(Dffl»^W^P ^7A 
3ft/c„ 31rfn/cn> ha-jby- b <7-F^-f» 
±T "<*>" *ffiSfc»tt* (tf'^ b) 

«e<D^E E PROMteliSCC i "1* ^rS^iA^ 
fc^ RAMi iiPftftifR OMij; tf n/c 0 

[0079] s*^^>*ju6 o o b<D— »#y^y 3 
>^^*y v hy-h h^>^**-&ejfctt£#y^6tf 
y -n<d?b*«*i t ci y ^ ^ > #&m&'&t>M 4 

Ai?B^BIB#tcffl*SJ:5*ctc4. CHTEEPR 

omcc^w r ^fc^ > yA r ^ -fe ^ y -owa^s 

ift>*^©*4X^D ^ by- b b5>>^y-£ 

B^j^^if >f > <h stiff ^ee *5 c i^cj: ^ m&re* 4„ 
[0080] m4<D^jSst?*4^^y ^ by- b b^> 

[0 0 8 1 ] ^'ay^Ai?B*<D«lffOJ^IlJ»BirlSi|5l 

a _ ;l/ y_ k<dxi/^ b p>cDb>*y >yccd:^r 

^^>»j3>EEPROMF7>^^-6 0 0 bt« 
^JS^tt«)ffcD^ft« ( i ) b >*^y- b K 
6 2 0(Di?$^5^e 1 0 nm©rar^eci 0 ( i 
i) ONO^-f Yv4 K^*1f-/ K©J:5Sc*6i«BB 
3 0«h>W*tt-f KCDWScfcO fefc^rc LilC^ 
WWfiS^e 1 5 n mCDrB^T'^>4o (i i i) ^ 

[0 08 2] #'J5/y n>±CD^K<b*+1f-< FX«C 

ur^y > y =« >*>6# y -> y ^ b >* y >y<D 

— flSW^y y^-f *Jl/«»ttl^6 -7MV/cmi$n 
"Ct,^4o (^7'Ji7^t^ (E. Harar i an 
d F. Ma s u o ka) fcj:4 £K«M3ft/c*fi© 
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**1M FOTil OMV/cmi^n, Cft^Oig 

c> 0 ) *ftr#^xu*Fy **b3 0©*jk*:7p-- 

it^M6MV/craJ;Dl<Wntf&^ 0 - 

+ 5- hxu^ Fa^r&ASti/cm^D^ 

V/cm«T«:«fctitt»htfa6ttl^ F*>5?** 
-6 0 0 bGc^ttS^^l/^y^y^VE E PR0M<7> 

A^C h^>^*#-6 0 0 b©1»IWtU/c++^>#> 10 
x*f;l/^3ntl^. **^^#-C c g- f gti 
3>fa-;^- h 6 4 5 <b?P--r-v >^y- h 6 4 
0OP B 109*i^^£>;*T*&&o Cf g-Ln«7a- 

b 6 4 o tn -tetkMwe o 2ono+ + 

h 6 4 0 <b^ + >*JM?B^6 1 O0ra®**'<$'£>X 

EE«jin*s*i*. f >#-x-rs. ) 

^u-r * >^y- F^oxi/^ Fa>f£A<E>7*P^ 
A^fefffriTEoa*)^ ( i ) 7n-r^>^'- F^Ji 
>3 V ( i 1 ) aA#^f>h^f>^tW6 1 5<D 
i£A?J^ > FT'>2. 5-3. OVt'^. 7-*>*;l/ 
fiLn <D^ >f XteTiBOr^ Y>y^?-fT^>F£ 30 

[0 0 8 3 ] F>*Jl^- F K#8 n m, O 

££<D0!i£[37 BCDftK, ** . * 1* . * 

OX" mttcL " tSifc^n-f^^ 

n> hP-;l/y- F«HE«5 v^Msn«cc^. 10 
Vtf»JR3ft/cBrc*S. FU-f>±V-*«EW*# 
iA^" 0" (xl/^ ha>aAfcct0]ft»V t 40 
C0B#, Vs = 5ViVd=10V ( Ltf^ii^ 
1* (ONO*»DT F>*JWH**cJ:3ffi^V t > K 
^UVs=*ViVd = *V, -eur* XffcttU" <z> 
eVs = 5VrVd = 5Vt*5. 10VA^>hD- 

-HEti+t^r^ :/#7'y>^"C8. 3V 
g*Vds = 3. 3V, Vgs = 5V)K:ttO. ^P^ 
^A^ff^S/cTo ^£>B$ ( 1 1 nm<DONO&c^£ 

+ . 7 V = 1 0 V - 8 . 3VT\ 
1. 55MV/cm (1, 7V/1 lnm)r*5. 3 50 
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>ha-;uy- F#l 0 VC, 7-VFU-f>^5V 
OH^tt7P-f^ >y«Ett <»*«E> 6.7 V 
t?ONOO«»tt3MV/cm ( = 3. 3V/1 In 
m) r*>& 0 *ftT:/py^5>y*©ONOCD«IM* 
3MV/cra«TtCfig/cn^-^r^ h^lt^l/cfCi 

[0 0 8 4] JB^ttftlctero ha-;HEttl ovee 

>^y- f^eei***^^ y>y-c 

3. 3VKfrD, ONO<DlEW6. 7V=10V- 
3. 3VCC&4. ONO<DSWi6MV/cm ( = 6. 
7V/1 Inm) Chli^a-r^^f- 

y e> y a h ^ > f n f ** y y ^ >^<o 
7w >^y-F±KB?&6n/cxu^ hp>»3>hp 

/cm«TteKfc4vCl>S. :j> F a-^y- F#»tR 
Sft6t»Vfg = 5V, Vd= 1 0V V Vs = 5VO* 
JffiRNftC^U-f-^ htt6. 7VIP^Vgs = 

1. 7 VRlfc?) cn»Fu^>iv-x^t>tc^si 
2 OZvv-TjIs'?'?- FCca^JteMSBTSWcJ:*) 
[0 0 8 5 ] P>hPHl/>r- h^r^-feXT^tc^/c 

y— fe;i/©5*. [^B^ffigcDn^-v's Me" 

1 ^ 7>^A7^X^';-© 
»^*©4>©-C*4.' CUt^SI^EEPROM 

[0 0 8 6 ] Si^t>^Jb/FU^ >CD&£#^# 

•j->'j3>^yv f^- h F7>^^^ -omtxn 

i) tr^ F#fftr^o^$>yt?H*^B«cj£cr 
Ui^^o tE3MW]ficj:S F 'J^y^'J3>EEPR 

[0 0 8 7] 2) *»W<0Sa?-i'>*^/FU>f >0 

f'lf -f>W»«ttRAM*8l«f4. 
tt-C*0tt#6RAMOJ:5K:fi** 

jec ^if o r y y ^ - > 3 >tc ffitoni* 5 . 

[0 0 8 8 ] 

F y ^JI/tPU >"J3>EEPR0M] **eB©€>^-o 
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co&mmm&. \* + )^<o$> & e p r o m h ^ > ^ 

>yy- F * * i*¥* >*/i^it^c^i^c 

h^M ,, ;^'J3>EEPROMF7>^^^ -<D#f 
ffiia-C*^,, h7>^>-8 00ai8 0 0 bttPS- 
~>ll33>:gS8 0 1 , N + V-*l£ifc8 0 4 ; *¥<D^ . 

a@:^^>^^8 i ote^P-Tw >yy- b 10 

8 4 0 in> F a-Jl/$r- h 8 4 5 ifC^^XMW^tt 

[0 08 9] 7P-f-^>^-f8 4 0ttifft> 
*;l/igit FU>*<DJg<DFtW >&tfc8 0 6iSot 

>y-r F8 2 otc^iommtfiicftmzti-c^ 

n>ha-;!/y-h8 45ti^P-'r>f>^y-h 
8 4 0 ^CS^M 8 3 0 £il OTiimtS^ ( * * '^>7* ^ 

ttlPai E 1 6 cm" 3 rt>e>5 E 1 7 c 
m" 3 K-f>^ r 3n'C^07K¥<D5 1 i'>^ouy 
+ Fti8^6 1 5nmCDPBir^L/^r'. ? 
d-tw h 8 4 0t2#iiN + T , K-t*>^3ft 

/d^'j>"Jn»5iT'^>Oii5« 1 0 0 nmfr£>3 0 0 n 
mCDHT'iU^ 3>haHl/y-h8 4 5BN + tK- 
£>tf2fitc#VUV^>m-C$>Z> 0 miRV-h 8 5 0 
tttf 'J ^ »; ^ 'J VA Fs£lH2 'J77^h 

•;-W4"C4>a^o N + y^tK8 04«bi, >j 30 
>, T>^~~^*>&A&CcfcoT^f&T£o N + 
F W>8 0 6imCA*y&Att&X*Bf&2tiZ>fim 
>*JUS8 1 0 7^ ^ 3*it&9 . c 

8 4 0©f#^ s >a >c^iStyOctf^^o N + 
V 3 >8 0 6WB»Cffit)h5i*^t>^^a>8 0 

-f£o :7D-?w>^y-F8 4 0i«IR*'-F8 5 0 

^ + > * ^ a > ©at 5 «#ao t *r k - 1 - > ^ s n fc 

FP>#58iR-y- F^^>*;l/iC^snS^c6tfN + 
[0 09 0] 3>hD-Jl/y-h84 5fC*5-£l/^ 

1 7 v - toy v 7)1$ htc? 4 zstftf— y<d 
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«BE<tOW<tt4. <> LfMRY- h 8 5 Ofcb#t»«E 
J:9iS<T£ixu£ Ftf>**V-\X2>-r >^>3>8 
0 4^6 Ht-f>^t>^^3>8 0 6CCi^nte^^o 
xU£ FaXiMOS FET h-7>^^^-tl6^^) 

[0 0 9 1 ] 3>hP^y- F 84 5#f>Vt;^ 

755H«<, ^D-f-f >yy- h©#^>t/+ji/*Fu 

h 8 5 0#U£^SE<fc^l/^&^*^*> 

* jvtiStOfiam. frt&ta cc tt^T is < & -c i > s 

ISO , 8 1 5tCjfttt£^*>*Jl'^^>^ + ' l '&SKU' 

>f>8 0 e^cm^^Mcnmci&^xn <„ -e^t* 
<b7k¥<tgii^i'>^^o^^8 1 b~emM<Dmn& 

p>^l!Stte£tt7K¥fr£>~C8 1 5©3-t-^aA.^ 

L^Jbtfx V 7<Z)iS? ct 0 H < ft & i . 
-(Dib^ Fp>t£:7U-fw >yy- F F 

$^l^^ii[SW^P-fe^tCJ;0^P-7'^ >^y- h 
[0092] 

[USSWI : SSft>*^ Fl/-f>O*5EEPR0 
M NVRAMh7>i/X^>-0i?a*a] **IH(Di 

<b 4 SftggOE PROM, E E P ROM <h NVRAM h 

7 P - 7* ^ > y F 0 is 0 ^ >r *5*j ^ -b Jt- 7 
[0 0 9 3 ] 

9A49BB, **W©»7CE>«F*T?*S®a^ + >* 
;l//FU^>»3t**l<0^jS"Cffi4^Sr^To LO 
COS®f^^»l*^tO - h U>^»at4 5 4 CO 

(mmm) 4 2 5rat>nrt>4. i9Bo^^ hb^ 

X F 4 6 2 ^£3 hfcgt««WE«r &©«c«t)*i 
^>o 7^ H/^H46 2*-7^^iLtttC». ^ 
H452^F-7^R I EXttKOHtDct^tt-Ji? ^ 
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it 3 0 nmflMRS * IS^Oft 

ffB*¥©'> 'J ^ Oltr?T 3 0 gfcLh&Cffit# 

AT4*t*4. C<Dftg«R I EKteW*x***fF 

«4 0 2«. *i->*Jl/KU-f>«l4 1 5«Ct3R, V > 
^T^^T'-fe^T^ ^>^> F&cJ;-?TfiA3ft 
n-«#D&AStt®24 1 3±©^f>*^* + 

(DH%«o3&{c5 E 19 cm" 3 <£94>&l\> n 

> * > 3 > cDt»3I > * F u -f * 

F U^X F 4 6 2 i ^ ^ U h U ? *B4 5 2 £Bfc*l,/c 
F>*d>**lM F4 2 0**lfl«S**. C^g 
i^t>^VFM>« fiOEEPROMO 

[0 094] 

^>i>x$-<D$mfr&i m4Aicm?z> f^>^** 20 

-400 a iBie A CD h^>^*£-6 0 0 a©a5St* 

rSHJBD^K F5>i***-4 0 0 aCDN- Ft"f>2^ 
+ >^^ 3 >tt6 0 0 a©tti<fcOail*. ChBV>© 

j:^a**a»^**<DttAcccfco-r»&n. be 13/ 

cra2-5El 4/cm20lO l J>41 0 OK eV- 
18 0KeV ©i^il/'f-TaALfciOT**. — 
^N- Kl/>/>h7>^^-60 0 attU >©-f 30 
&A&3 0KeV-l 0 0KeV©x*^-tff6ti 
-So ■F^>S^**-6 0 0 aCCttN- FW>ffltefc* 

>> f > 2 is 3 ><D*£ SBt 3R<D V -^^t>^>3 
a<^^ 0 7P-f^ h#'J5/ya>4 40« 

*UiS*StffcF 4 F4 2 0±&c-r-Y #S>* 

& 0 fti/P67* F Ui/^ F -7*24 6 4#*oW6*l. 
09 CCCjnSftS J: 5 4 > F*»<Z>-fe 

[00 9 5 ] ONO^t^f F5-f F*JD*.fc**lM F 
©J:9fc:3>3j*y? h<D (£f%<D) KIS430^f# 
i?tr FTflsfcft, *0±ftCjJ203> Ha-^-H* 
■;S/»J=!>4 4 5*fl54. SSSB45 5*3>FP^ 

*>x? ^>^> h p-;uy- F £?a-fw >^ 
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4 0 0 atB6A^$n^ F ^>^X£- 
6 0 OaOWSW^W^flH^fttiS. 
[0 09 6] 

[hhhm : «*a«*»j«ffi*ffl^fc^^y » F^- F 

IS* + Fl/00»5^^'J f F F F^> 

^^400 bi6 0 0 bCOttatLStt— «WCCfp6 

frci>**:/y 9 hy-niid>i/Wft6ftir». a 

3Rftfl=B2o©F^>^*-"Cj»aS. F^>^** 
-4 0 0b©N-KU-f>B7P-'?-f>yy- 
N _ Fu^>^oF>^^g*(D/c8?>lSSfffflK:7 r 1f-f 
>£ftTfc9> *©aF7>^^-400 b©N-F 
U-f ^t>^S/a>»6 0 0 bO^ni^flK . Wit 
»y ><DttAKJ:-*T»&*l4rt*. 5E13/cm 3 - 
5E14/cm s <Z>JK>y >* 1 00KeV~l 80K 
eVIHOx*JU^-*caAT*. — *h5>5?X*-0 
ObON- FU-f >tt3 0 K e V- 1 0 OK eVi^ 

fc y w * >a A£>/h s i > x * ^ cc <t t jfc $ ti 

£o F^>^X^-6 0 0 bCC«N- FU-f t 
N- FU^>^t>^^3>^^Wtfv-x^t> 
[0 097 1010 BKRlit7* F U>>* F^^4 

F*H9C<DJ:5tc7 -f-jUF^+lM F±r#8t 

■rs. ** >*-rt/4 i 8±©aHr^***^ F*(fc*Lfc 

», *:7y * F^-F^+^JV^F***-* F±# 
y**lM F*ttfl»Stt*. W60NO^t>f F 
F*=MM FiSofca^'^ FG>B««. 

kbi octe5s3*ifcSB2 n> hn-ji/y- F#y^y 

3>44 53&S?^^ FShS. 4 0 4<Z>N + G>-f*> 
aAS«5 E 2 0 *»e>5E 2 1 cm" 3 S-^/cfrtt 0 
iKl>fe<D#»tfttT^5#l. Ch»**1f-f F424i 
131 0C«C»»*^^y ^ F* + >*^- F4 1 8± 
y F4 2 8 itt«l/N+*t»4 0 4K 

[00 9 8] mm^y^isv hJ14 3 0 (£j£BHM) 
i^'j7F?t>^»«4 2 8«:Mft, ^>hn 
h#y 2/y 3>BfjK3ti, 7^hb^xF7 
^*ttt^&*»t»yr**-f ^-f *>X5r*>^«C«fc 
0 3>FD-^y- F t7P-f 1 ^>^- F*BWf«: 

«^ jr 7 Y a >S©fI© F E TI8#»< . C 
HTX7*'J ^ Fy- F F7>^^- (04 ACD) 4 
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0 0 b £06 AOh7>^^-6 0 0b<DS»KJ^f= 
[0 0 9 9 ] S^<D*ffitc<fc 0 IBSttXBtc J: 0 -te^? 
^F7>y^^40 0 a, 400b, 6 0 0 a <t 

7*y v F**— F F^>^*£~<DXBI#tt<. 
[0 10 0] [Jt»«:*#tt«lBy-'h**^S*^ 
7'y 9 F**- F Yv>*JZZ-<DXti& 1C 

v f^>^* * H^-h f^> 

Tft>^^l?»^^5„ Ell 1A—1 1 

g »±jis(D*«wo«ifc hs b fcgtn^ + > * ^/ f 
u-r ^*jfto*4^^y » f^-f ^>y**-e o 20 

0 c©KJft*ffi©^y ^-5/3 LOCOS<D 
>y-h 6 45 ( F^>>^#-6 0 0 btC^WSX?' 

y * F**- F* + >*JU6 l 8 ©MM*:**:* * s 
HI lAGC7R3hri>4, *CT#VJ/«3>645© 
«3B«250 nm^6400nm©IBt, *y^y=i 
>«1 00^620 0 nmOBSie 5 5fl^ntl^ 

£„ #y^y3>**fi»Stifca»t i **^-' F < 10 

-2 0nra) 6 5 63&s#yflW±CC*fiJE*S*l. *©« 
Jft^-f F^-f F6 5 7^CVDf^aMC<t^ 30 
fpfcti* (HI IB) . 7* hb^h6 6 ltt=i>* 
^ F««*taffi"r4©CCffito4iSc F US'* FVX 
**tto"C*-f F^-f File 5 lifiK I E«cJ:or»* 

HI 1 C<DffJS**lM F (5 0-8 0 nro) 6 5 
8*JS*HIJO*y^y =>>y- F 6 4 5<D6 5 6<D^ft 

[0 1 0 13 Ft** 4C 

if¥-YW<Dlr<{ F ^ 4 F 6 5 6 #TSW>Btffc*Waf 2/ 

XF^'HftS. J<yi/y3>87 OKI 80-2 0 
0nm<D«S*«*0. FShfc^tttHl 1 

[0102] 7P-f«f>^ F±©*¥^-r 
S6 1 0 4#U&*ffiS*^--y--- 6 7 2 *JI5Scr SftCC 
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Mmt*D, *^«tt**^-^a>6 5 8©»©=i 
>**F7Ctt0. 2 5 Aime-CfeSo F 
*-;U6 7 ltt#y^ya>8 7 0*5 1 5 0 nmJ:*)® 

^t*«:tij<yfBlx9*arSA*Kc©#y fy=> 
^r3Ss^ic«*^Ti>4. «*->fc#yvy3>tt-fe^ 

7T7>f>L/c3>Jf^ FS:ffJfiK"S"SOtcffit)4a4o * 
y*/y3>^-1f-*x^*L/fc«N - FU-f >6 2 
0«oy>#l cm 2 CCO^l E 1 4 - 7 E 1 5<DJt# 
50. lOOKeVtffiASnS. th*6»t^-f F 
7^F16 5 7 3^**y 7 2«x?f^f 

nDOi^cftS. i@(D3j<y^y ^>t=^^3> 

1 1 F l^X F 6 6 ZUtefrvyvAZ/rinh 

n/dfflii^ y > y >©i$** > * * f * - jh>?©# 
y ^> y ^ >^s& tc«t>tis . fltt# y f y => 

^^iltf^t>f F5>f F8 57*x?*T*. 
fccWl^-f F^-f F6 5 7^^^(1:1^^^ F 
©656^^ ?|**ISit«*F^-/x?*L-Ctt 
5 0 nm<D«ftS»tfP*. -f F*»fiS. 

^ * F h B 6 2 tl»« Lfc«*t*-f F B 

5 6BHF«OWr«t9X9 SOm* 
F (50- 1 00nm) «r5=-*>*^««6 2 0 

t#yi/'j3>B30<D«fiH:«M'S («IB*y±© 
**iM Ftt^>^^ y ^>^ya>ifch*^ 
*Jf[tf>r£>£) . C<D**1M FJiCCN, OS«tt>f 

[0103] t-f h^^-VaVCDfrtoOKW^CV 
D©:M FJf <K)6 nm) t***^? F ITfcl 

c>. **i*6^a-y--f>^-F#y^y= l >*cv 
DteJ:^^*-^'^^*^* FL/. Hi 1 FK^ 

y3><D»S*s»«co-*ffi*»*. WP-f-(> 
yy-FOfi3*»»b4. CVDOJWStt^SEiEWHC 3 

tLn*<D^J1Stt*»«:iEJKcBBSSn4. CQ20CD 
lJ|gXfi*ffiC^X5t^f r ^^>^-^%^^c:<i:^ffl 
^ e h ^ ; 5/a>i#yoW8**-^-f FB 

3 0±<D^^ F7^ FJfOf?^@W« , ;^>'>3>^ 
-/A%ct<T4ft:«)'C. 9-Fy-H84 5i70-f 

4 Isfjf- F 6 4 OOlHOy-^***:*^"^*^* 
So F>*JV«*«E*fel>©fcfttt:^y3>^-f F*-f 
F «: ^> y => > K S/v/c ^> y n > * * * -< F <rC Ix. 1 1> H 
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BtcflSbft**'-/? F-wiftcfflS) *tt^Hl 1H© 
6 40S<t6 7 1 S"C^3n*<fc^CC'jr^f--(^^* 

>x 9 J: 0 aftES ft** y^V3>7a 
-fw >yy- F©<SBKb«tCVD:**lM F©* 2 *^ 
^ 3 >tt^h7-f M6 2 9«<. 3 

FJB6 2 9©B»tt7a-f-f>yy-F#y 

y- h^X (PSG) ©J:^ft^><-^>3>I©? 

SVT. HI 1 Htc^*'J-fe^*±^?>S/ci?:STc 
C Of©* ft -fe x -c -fe il/ 7 T ^ -f > t'SS * + > * ^ 

[0104] C©ct^tCL % C^i'>^^S, 
♦Jl/fttf^y * hy-b©7n-f hT<Z> 

TCD7K¥ * + > * )l> *H3c-r Ztcmt &t>ti& 0 ^ ] J 
n>U-fe^^T^-Y>3^€>^>^^ F*— -rt"4a#>i& 

[0105] 

[HJffiflll : /Mttflfflffiy- h^^giX7''J ^ by- 
F h^>^X5f-<D»«&j£] Hll 2 A*>6BI1 2Cil 

*c|^**>*;i>/Fu^>1iiio*Sx:7y * Fy- 

F F^>^*£— 6 0 0 c<D/*Vx-^3><Pf&£:frf£ 

£^-r 0 cct7D-r-f >yy~FT£>*¥?-* >* 

1 0 0 n mJBlTt:fiE*©*^^ * >*JHfc ( 1 5 
OnmHi) tik^Xj&'bZ l*. ttih<D2^<DY v 

[0106] LOCOS#BM>«l>F U J: 4 

^X£-6 0 0 bCD^^'U hy — h^ + >*iVe 1 8 
©aWfttcfflS-r*) ttHl 1 Afc7nS*m»SJ:5fcR 
SS*iTC^**s#y */yn>6 4 50«SB«2 5 0 n 
m^64 0 0nra©H'C*5 I WJ'>y3>«10 

0^620 o nmvmmme 5 Btitnti^o 

Tl«I(10-2 0nm) B56**«^y3> 
fflJS_LK:«WKfi3n, !/3>t-f F -7 F6 5 7 

#3 1 1 BtS8h5J:5«cCVDrf#^a>Sh 
&„ ccrt-f F^>r F<DJS3#*¥*iO*;i/<Dfi3 
(1 OOnmtTF) 7* hb^F66 1 

F7^^^tt>( Fi65 7BRIEK 
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F(50-80nmKBll C<D6 5 8 «S»«J©# 
y5/U3>y- F 6 4 5CD6 5 6 J:0tt«m»3>** 

F6 5 7^CQfft<D^©BSfb^ES<'t«U:^ 
f>i;i/3>N + 6 0 4_t<E>**U*>f FCDx^^>y* 

3*i*J:5tel 80 - 20 OnmWDtf y fy=i>6 7 

io MMtoF^-fx^w^ o. 3wmyvy 

77^5&gH^'- F*B±**<-;164 5#0. 3/2 
mtCtti. •enr^CMIJM^+^f : -'>3>6 5 8<D^ 
F*-Jl/ttttO. 2 5 umlC&S. **n?n 
2 F^-^6 7 1 tt#yt"J ^> 67 0#1 50n 

$n*rc^ 0 c<Da*ii**ifc#y^y3>»-fe^7 

7s Y 6 6 2 ttfflJStf y > y =i > &B$CC 3 > £ 2 

f *~;wd*c>;j< y y a v^ifcawcfiMKs *vcc> 

20 £ 0 -£LT:M F^-f F6 5 7#Sfitex?^3ftEll 

2 B<D&m*cifi$titci-<{ y*?4 v^-v-^me 5 

Y~,4 F6 5 7^tR»fcft*F^x**K«fc^fc 
i?^. ^-Y FW KX^--9--ORSe«(CN- FU 
^>6 0 2CD^CCV>^cm 2 CC«#1E14. 7E1 
5©Pb1<Z) F-XIT'5 0 - 1 0 0KeV©iW-t 
aA^^^. V a XDlSOil K 7 Y i ^ ^ 
T5Onm0gM(W. N - F b-f *>ffiA« 

30 !)„ 7ai/^h6 62«il/c»^^F66 
£o »^tJS (5 0 - 1 0 0 nm) li**>*Jl'«*B 

2 o±i«JS#y^y ^>e 3 o^cisfi^^^n^o 
c ^ y ±<oflBSKf bH«^» y^ ^ y ^ * y 3 

[0108] FJBttNa OlS^r^-Y F 

Ccii'AS. ^-Y h^-Y F©ftt?0«:iC>CVDOS/y 
^>^^f F» (fi6nm) (Cly"CfcR^. 

40 e»7a-f h#ys/y=i>*sBll 2Ctc^5 

ns<t^ iccvD*C3>7*-7Jwcf#y? 1-5*1, 

7P-f^>^y-F^^>FO^^ CVDCD 
r. h^-f Fi#'J^^>0CVDS:«5 2O(D 

ssjE««cgjisE-r*ci*«ffl**. afti^yffjs**-^ 

^ F6 3 0±©^-Y FIi*ff&BW«C?- Fy- 
50 F645i7P-f ^ >y y- F 6 4 0 (DP^<D »J - 
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-6 . » blS« h > * >WB*«E*« & T & 5/ y a > cc 
S/Uc**^ FfcSEiLTfcAl*. BMfeFy***©* 

**©<fc3CO SI lHO64 0 Si67 1 Ste*£*l 

FS6 2 9(D|W7a-^^ >^y->#yt/ya> 
6 40*3>*5*-V3>iIft* i ^5*'C*S. 

[0109] *n*6«a©xs#i*< p sg©«& 

4k, 3>^r^ F*-^©^®*), * L/TiH«#HXg'C 

[0 110] C^Lt^*>*Jl'fii^^y * ^ 

# y y n > "CSIAii * h fc -b ^ ^ T ^ -f > L *: 3 > * 
[0111] 

[^IS&W: Fu>^*?"y ? hy-h h7>y^^-o 

HI 3A*6H 1 3Gtt^>t?**-6 0 
0di60 0 e ©WS*<* *5%"T* J e 0 0 e » F 5>£* 

0555 (aiC^hU>^LOCOS) i6f£, S13A&c^ 
Sft/cf^W 5 0 nmUOt-f h ^ -f KB 6 5 

4<t FUOB 0 6 (Ml 3 B) &i:7 * b US?* b 

*jccvDirfk«*ia] sco^r^-r^scc?**^ 
■yMCMP^o Ta4U**tiWi±o^*«ft*a 

<tt50nmO»S©*t'9'-f F «»« 

1 3 DT*$*l*J:9CC7 * F U^* fvX^6 62?r 

EtV'J3>^10 0nm-3 0 0nmi^T^o JS 
ifc©bgl&A£5tofcfi, ^©t»WI«*SH8Utt** 
6»l^t>^a>8 0 3tjttW-4. MIi6 1 
3tli, 1 E 1 7cm 3 #>6 5 E 1 7 cm 3 ©P^OSlffi 

[0112]7*h U^* F * 6 6 2 
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»1>7-1 2nm©»{k«lS:JftBSfiStti. *ti*6# 
y y a >B£SM©&£ <t 0 4> u«»ccr ft:#H 
1 3 EO^T^sniiSrccvDTra^:?*-^!' 
Ccrtf>^ FT&e *©#y^y 3>JB«b»W* (c 
MP) tc<t oT^FffllkSti F9 -f R I E«:J:r>T:«tffi* 

$*i/t#y^y a>fna-f ^ y#tf~- Ftc&& 0 S 

^»{fc»*«teld53'ttfc«»kBI6 5 2*y>BI <?* 
10 77*V^7^^F) WW»«tjW5WtC» < - ^ 
H**y->CcLfc«, BHk]g6 2 8 (7 nm-15n 

y_ F_t©:*7:/y F6 3 OiOC&EfcB"* 

-So #y t"j3>±©ffitftK6 3 OteVynVStS-t© 

»<k)Rj:f3*Li»*-c*s. cntt#ys/y=»>©F- 

< »k©fr*>9fcCVDr:J--Y 
FJ1 (#36 nm) Xtt^'J =»> 'J '.V^+IM F*B 1 
20 3 F tCTS-T J: 5 ttr^ * h L/T 4>&l> 0 jBlR^- h © 
*'y ^>y ^MiCVDT'^v^^^^f^^ F*f 
01 3GCC7RTJ:9^BI«UfcST I««Lbril« 
F^r^ST^atc^y *>y :3>B£J^**r£o c 

©ct^ccury^y- f^>^**-6 o o d*M# en 

BI4£ofcfi©FETia*«<. ±^61^^: 

y— b;U3»JHi 3Ht*s. i^DXfi^G^ijffi©?^ 

>f >©N + F U -f » < ilMIMM>-fe*B 0 

30 Wt*^< ©6 0 0 e ^©^>£>**-*^tr>*l 
[0113] 

[«W©3»*] * h^U^ FD>©iiS^ 
1 15) B$ g Kffi * * > * ^ ©^Fjsfi^^ffi * * i8< k L t 

seaa F^>^ ciKctt). a 
ay- f <l f u "f >«i©* 3 P«wtB««*i^f»aa 

40 EE PROM, F 1 a s h^'J -CCjB«3ti»***. 

VRAM^rfcoJ^i-r^o 
[HlB©ffi#*SftW] 

SI A«?^r>*^* ^FxUd7FcJ> ; 5:^^--r'<> 
yy- F icSA It ^'n y 7 A^T ^iS*ti^tc J: SEP 
ROM-te^©KffiH*C*-5- 0 1 B««E*!*tB*cJ:4^ 
^y v b E PR0M-fe^€BiIi'C4«}. ^■fV*^* 
^xu^FD>*7a-f-^ >^y- F^©ffiA^ct 

50 PROM-fe;V©©TffilIT'feO, '77^il/^hD> 
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FatP^v-****^©*^ Fa><AF 
^il/*y t/«;=i>7 9 'r>*E E PROMO WMETC:? 

p-^ 4 > f ^e>?H*y- h^© f >* y >ycc 

J:-*T8I*T*. H4At4Btt*»W©*l ! Hf««:M 
J1*T * > * K U >1f i££>* £ * * ? ^ 
-FEE PROMtJKDKiHT^ t >*^*"^ 
^ ha>tixu^ F axDJitf^iPi^SS^SftT*^ 

n-fw >yy- h^6MF U>f >S£tfc^F>*y > 

j*n*o h 4 cti«ii©ft«*J3eiat?*o 

tcAn -5 »^ * > * ^ y 3 >«1B J: 0 SIJ o r 3 0 K« 
iHy^y ^>E PROM-te;KDWraB|-C^ + >^^* v 

-CE>WrBBEItNfc»K ^yi/ya>y- h»H5A<DEP 

Wtc«ttSn=i>hn^/H2U^ F (SI!R) ^-F<£> 
«te&ft«T4o S5C«EPR0M^^ey--b;KD»r 
BStia5AC[)EPROMh7>^^-5 0 0 a*M 
* 'J - F ^ * -<DMVmft%m&&Z&M<DF E 
T F^>^*£-5 0 0 c^fi^ijCCO^nrC^o 0 
6 A »**W©»4 ©»«0ClHIiir4IH«^ + >*^/ 
til F I/-/ ^ E E P ROM 

•fe;l/©BrlBiaK:»l*T F :/*-M/tfi**fT 5 fe^^- 
ccr, 7 p-f -f > i/^ Fo >l*Si 

*»w©»4»atcBaa"rsaa^^>*^/**« f 

P-f >«*©**X^y * h^- FEE PR0M<DBSB5 

0cc*a>rr F>*JWH**fr5 CC-C7D 
-7*^>yy- FPM2 F>* y >ytc<fc 

r*4aW&f"1f^>i*ff=6CJ:0^F»l6ttRAMi L 

? F^- FEEPR0M^»a©lKffiia^*9Ctttt 
06B(D F9>^**— 6 0 0 b <b|H]— cDttlf^St^:}^ 
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;V©ftSH6B©y^V#yS/y =J>*^'J ? h^- h 
h7>^^0^'Ji-^a>t*5, 07A&206 
A, 6B, 6C, 6D, 6 EC0h^>^^-©ffiK^ 
$n/c+ ■r/^*>^ J tf f ^'T# y F >*;l/?8*E E P 
ROMt^FflWfet* (-/>#5*-fiW RAM©«&ftaZ>» 
BJ<D&<D fc CDr 4> £ . B7B B*»W©» 5 ©W«C M 
iST&^JSfSttRAMCD i '1* 0»£&#CDm 

io ys>y 3>^^y ? F y- fee prom-&jwd$t®0 
-h-^aA^nSo 7D-f^>yy'F0ii^^i* 0 

F>* 'J>{^«cJ:ot7P-f^ >^y- Frt>6 F 

i;vyn>X^y * F**- hEEPROM-fe^Offilt 
20 08A©F7>^^^-^ , Jx-V3>t*^ 

9!©*6©^*K:|iBa'i"S«ay- FfflOSflSt^f >* 
;v-C*0. cct?*#v Fxu^ FP>teJt-*it*4ca 

t^F^autaA^^c r7u-^^>^-Fox 

iF>*y>ytcJ:oTB*3nS. H9Ai9BB* 

■fe;l/7r7^>0 F U ^>n-ffitS ; &^< £Xg£0tf> 
*r®?®^IT'&^o i9Ci 9 D^EI4 A, i5A k 0 6 

30 A<D£jg:n*f <£>fe* JtcS»<o^ * ? * H -feJWKffi© 

^St?^^> 0 HI 0A^61 0CB, @4B, 06 B 
©^ftxeoft^^SPBO^^y ^ F^- F-bJWKSO 
WC*^ 0 01 1A*61 lGttHBCO^^y ^ 
F >f- F *JSR*©S < SMtiS^oKBH'e* 0 c c r 
7a-f <f yVf - Fifiti^< H150nm$)l)o 

01 i mtm \ i H0D^-r>i ig-hg* ^c^o-c 

<h^ft/cGKB0T*£>£o 01 lHBf2^iiAft>^^ 
<D*4X^y 7 F^- F F5>^*-*i*6ftfc 
|r^J 0 01 2Afrh\ 2Ctti6CX^'J ■» F^- 
40 F * - JBfiJffiSIgOfe* ftSIWcftW ^> 
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